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(54) Exhaust emission control device of engine 



(57) An exhaust emission control device comprises 
an oxidizing catalyst (43), a particulate filter (44) on 
which soot is deposited, and a temperature sensor (53) 
for detecting the temperature of exhaust gas on the up- 
per-stream side of the filter (44). An intake system (13) 
of an engine (1 1 ) is provided with an EGR valve (23) for 
returning the exhaust gas to the intake system (13). If 
the temperature of the oxidizing catalyst (43) is found to 



be lower than its active temperature as the particulate 
filter (44) is regenerated, the catalyst (43) is heated by 
delaying the injection timing for the main fuel injection 
of the engine (11) and increasing the EGR gas reflux 
quantity. Thus, the oxidizing catalyst (43) can be heated 
up without lowering the fuel-efficiency, and soot on the 
particulate filter can be efficiently subjected to re com- 
bustion. 
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Description 

[0001] The present invention relates to an exhaust 
emission control device for purifying exhaust gas from 
a diesel engine. 5 
[0002] A DPF (diesel particulate filter) of a continu- 
ous-regeneration type that uses an oxidizing catalyst 
and a particulate filter is known as a device for purifying 
the exhaust gas of a diesel engine. In the purifying de- 
vice of this type, NO in the exhaust gas is oxidized and 10 
changed into N0 2 with the oxidizing catalyst, so that 
soot (consisting mainly of carbon) in the particulate filter 
can be burned with N0 2 in a relatively low temperature 
range. 

[0003] If excessive soot is deposited on the particu- 
late filter of the continuous-regeneration DPF, the en- 
gine output lowers, and besides, the filter may possibly 
be melted down due to an extraordinarily high temper- 
ature as the soot is burned. Accordingly, the particulate 
filter must be heated up with use of some heat-up means 20 
to burn the deposited soot compulsively (for compulsive 
regeneration) in a timely manner. As is generally known, 
the compulsive regeneration is achieved by injecting a 
f uef(f or so-called post- injection) in the expansion stroke 
of the engine. 25 
[0004] Described in Jpn. Pat. Appln. KOKAI Publica- 
tion No. 7-259533, moreover, is a technique such that 
an oxidizing catalyst carried on a particulate filter is 
heated up by increasing the injection quantity for the ex- 
pansion or exhaust stroke of an engine when the cata- 30 
lyst is inactive (or cold). 

[0005] Using surplus fuel to heat up the oxidizing cat- 
alyst, however, this technique has the problem of a low 
fuel-efficiency. When the engine is cold or in low-load 
operation with the oxidizing catalyst at low temperature, 35 
moreover, the catalyst cannot cause the injected fuel 
easily to react, so that a satisfactory heat-up effect can- 
not be obtained. 

[0006] The object ofthe present invention istoprovide 
an exhaust emission control device, capable of effec- *<> 
tively heating up an oxidizing catalyst and restraining 
the fuel-efficiency from lowering. 
[0007] In order to achieve the above object, an ex- 
haust emission control device of an engine according to 
the present invention is configured to regenerate a par- 
ticulate filter in a manner such that the injection timing 
for main injection of the fuel injection of the engine is 
delayed and/or the exhaust gas reflux quantity is in- 
creased if the temperature of an oxidizing catalyst in an 
engine passage on the upper-stream side of the partic- so 
ulate filter is not higher than a given value, and that a 
component to be oxidized by the catalyst is then sup- 
plied to the catalyst. 

[0008] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- ss 
vention may also be a sub-combination of these de- 
scribed features. 

[0009] The invention can be more fully understood 



.from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a schematic view of an engine furnished 
with an exhaust emission control device according 
to a first embodiment of the invention; 
FIG. 2 is a flowchart showing the contents of 
processing of the exhaust emission control device 
according to the first embodiment; 
FIG. 3 is a diagram showing a map used to obtain 
the lag angle of the injection timing of the exhaust 
emission control device according to the first em- 
bodiment; 

FIG. 4 is a diagram showing a map used to obtain 
the EGR opening of the exhaust emission control 
device according to the first embodiment; 
FIG. 5 is a diagram showing a map used to obtain 
the post-injection quantity of the exhaust emission 
control device according to the first embodiment; 
FIG. 6 is a diagram showing a map used to obtain 
the post-injection timing of the exhaust emission 
control device according to the first embodiment; 
FIG. 7 is a flowchart showing the contents of 
processing of an exhaust emission~contrbl device 
according to a second embodiment of the invention; 
FIG. 8 is a diagram showing a map used to obtain 
the basic EGR opening of the exhaust emission 
control device according to the second embodi- 
ment; and 

FIG. 9 is a diagram showing a map used to obtain 
the EGR opening correction value of the exhaust 
emission control device according to the second 
embodiment. 

[0010] The following is a description of an embodi- 
ment of an exhaust emission control device of an engine 
according to the present invention. 
[0011] FIG. 1 schematically shows a diesel engine 11 
that is furnished with an exhaust emission control device 
10. The engine 11 comprises an engine body 12, intake 
system 13, exhaust system 14, EGR device 15, control 
unit 16 using a microcomputer and the like, etc. 
[0012] The engine body 12 includes a piston 20, com- 
bustion chamber 21 , fuel injection valve 22, etc. The 
EGR device 15 includes an EGR valve 23, EGR cooler 
24, actuator 25, etc. The control unit 1 6 can control the 
actuator 25 accurately to change the opening of the 
EGR valve 23 with good response, and control the reflux 
quantity of exhaust gas that is returned to the intake sys- 
tem 13 of the engine 11 . 

[0013] The intake system 13 includes an intake pipe 
30, compressor 31 , intercooler 32, throttle 33, etc. The 
throttle 33 can change its opening by means of an ac- 
tuator 34. The exhaust system 14 includes an exhaust 
pipe 40, turbine 41 , shutter 42, oxidizing catalyst 43, par- 
ticulate filter (hereinafter referred to as filter) 44, enve- 
lope 45, etc. 

[0014] The envelope 45 contains the oxidizing cata- 
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lyst 43 and the filter 44 therein. The exhaust pipe 40 and 
the envelope 45 function as an exhaust passage. The 
catalyst 43 is located on the upper-stream side of the 
filter 44 in the exhaust passage. The compressor 31 and 
the tu rbine 41 rotate integrally with each other. The shut- 
ter 42 can change its opening by means of an actuator 
46. 

[0015] First and second pressure sensors 51 and 52 
are arranged on the upper- and lower-stream sides, re- 
spectively, of the filter 44, in order to detect the differ- 
ence between the pressures of regions before and be- 
hind the filter 44. The sensors 51 and 52 constitute an 
example of differential pressure detecting means. 
[0016] A temperature sensor 53 as an example of 
temperature detecting means according to this inven- 
tion is located between the oxidizing catalyst 43 and the 
filter 44. The temperature sensor 53 has a function to 
detect the filter inlet temperature or the exhaust gas tem- 
perature of a region just on the upper-stream side of the 
filter 44. The sensor 53 constitutes exhaust gas temper- 
ature detecting means according to this invention, which 
can measure or estimate the exhaust gas temperature 
near the filter. The temperature of the filter 44 may be 
^gaess'e"dTromThe~ result of measurement of the temper- 
ature sensor 53 and the like. Although catalyst temper- 
ature detecting means according to this invention may 
be configured directly to measure the temperature of the 
oxidizing catalyst 43, it is designed to estimate the tem- 
perature (inlet temperature) of the catalyst 43 in accord- 
ance with the result of measurement of the temperature 
sensor 53 and the like. 

[0017] The control unit 16 is composed of electronic 
components, such as a microprocessor, having a com- 
puting function, and includes a memory that stores 
maps M1, M2, M3 and M4. The control unit 16 is con- 
nected with an engine speed sensor 54 as an example 
of operating state detecting means and an injection 
quantity detector 55. The operating state detecting 
means may include means for detecting the quantity of 
intake air and/or exhaust gas air-fuel ratio, besides the 
engine speed sensor 54. 

[0018] The control unit 16 estimates the quantity of 
deposition (catch) of soot (particulates) captured by the 
filter 44. In order to estimate the quantity of deposition, 
the control unit 16 obtains a first estimated quantity of 
deposition from a prepared map (not shown) in accord- 
ance with a differential pressure detected by means of 
the pressure sensors 51 and 52, a detected temperature 
from the temperature sensor 53, and an engine speed 
detected by means of the engine speed sensor 54. ; 
[0019] Further, the control unit 16 obtains a second 
estimated quantity of deposition (cumulative value after 
the end of the previous cycle of compulsive regenera- 
tion) from another prepared map (not shown) in accord- 
ance with the engine speed detected by means of the ^ 
engine speed sensor 54 and a fuel injection quantity de- 
livered from the injection quantity detector 55. 
[0020] The control unit 1 6 has a function to control op- 



eration of the actuator 25 of the EGR valve 23 along with 
a function to control the injection quantity and injection 
timing of the injection valve 22. Thus, the control unit 1 6 
serves both as EGR control means (exhaust gas reflux 
quantity control means) and as fuel injection control 
means (forcontrolling the fuel injection of the engine 11). 
The control unit 16 also serves as fuel injection control 
means to control main injection and post-injection. 
[0021] The main injection described herein is normal 
fuel injection operation in which a fuel is injected in the 
compression stroke of the engine body 12 in accord- 
ance with the operating state of the engine 1 1 . The post- 
injection Is operation in which the fuel is injected into the 
combustion chamber 21 through the fuel injection valve 
22 in the expansion or exhaust stroke of the engine body 
12. 

[0022] The following is a description of the operation 
of the exhaust emission control device 10. 
[0023] When the engine 11 is operated, the filter 44 
captures soot in the exhaust gas. Further, NO in the ex- 
haust gas is oxidized and changed into NO s by means 
of the oxidizing catalyst 43. Continuous regeneration of 
the filter 44 [s eamed out as_ the NQ 2 causes the soot in 
the filter 44 to burn in a relatively low temperature range 
(e.g., about 270°C to 350°C). Thus, If NO in the exhaust 
gas is supplied to the oxidizing catalyst, the NO (com- 
ponent) is oxidized into NO s by means of the catalyst. 
As the N0 2 (oxidant) is supplied to the filter 44, the soot 
deposited in the filter 44 is burned and removed, where- 
to upon the filter 44 is regenerated. 

[0024] The oxygen conversion factor of the oxidizing 
catalyst 43 has its maximum in a certain temperature 
range (e.g., active temperature range of 20O°C and 
above). If the exhaust gas temperatu re is within this tem- 
35 perature range, therefore, soot is burned with N0 2 , so 
that continuous regeneration can be effected. 
[0025] If the exhaust gas temperature is somewhat 
lower than the peak value of the active temperature, 
control (continuous regeneration support process) is 
*o earned out to raise the temperature of the oxidizing cat- 
alyst 43 to a value near the peak value, in order to en- 
hance the conversion factor of the catalyst 43. The con- 
tinuous regeneration support process is achieved by, for 
example, working the shutter 42 to some extent to in- 
<s crease the exhaust gas temperature. 

[0026] If a given value (e.g., 25 g) is exceeded by the 
quantity of deposition of soot captured by the filter 44 
(or if compulsive regeneration starting conditions are 
met), compulsive regeneration is started in accordance 
o with the flowchart of FIG. 2. In the case of this embodi- 
ment, it is concluded that the compulsive regeneration 
conditions are met when the aforesaid given value is ex- 
ceeded by the first and/or second estimated quantity of 
deposition, and the compulsive regeneration (regener- 
s ation process) is then started. 

[0027] When the compulsive regeneration is carried 
out, whether or not the exhaust gas temperature detect- 
ed by means of the temperature sensor 53 is not higher 
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than the active temperature (e.g., 200°C) of the catalyst 
43 is determined in Step S1 of FIG. 2. If the exhaust gas 
temperature is not higher than the active temperature of 
the oxidizing catalyst 43, the program advances to a cat- 
alyst heat-up process of Step S2. 
[0028] In Step S2, the catalyst is heated up by per- 
forming operation (retard control) for retarding the injec- 
tion timing for the main injection and/or operation (EGR 
control) for increasing the opening of the EGR valve 23. 
By the retard control, the injection timing for the fuel in- 
jected by means of the fuel injection valve 22 at the end 
of the compression stroke of the piston 20 lags. The lag 
angle of the retard control is set according to the map 
M1 of FIG. 3 based on the engine speed and the engine 
load" (main injection quantity). The lower the engine 
speed and the higher the engine load (or the greater the 
main injection quantity), for example, the greaterthe set 
value of the retard (lag angle) is. As the main injection 
timing is delayed, the peak of heat generated in cylin- 
ders is delayed, so that the exhaust gas temperature 
rises. The exhaust gas temperature rises corresponding 
to the retard. 

[0029] If the opening of the EGR valve 23 increases, 

on the other hand, the reflux quantity of the exhaust gas 
returned to the intake system 13 increases. As shown 
in the map M2 of FIG. 4, the opening of the EGR valve 
23 is set in accordance with the engine speed and the 
engine load. The lower the engine speed and the lower 
the engine load (or the smaller the main injection quan- 
tity), for example, the greaterthe set value of the open- 
ing of the EGR valve 23 is. if the reflux quantity of EGR 
gas increases, the temperature of the engine that reach- 
es the oxidizing catalyst 43 rises. 
[0030] Thus, the control unit 1 6 that performs the re- 
tard control and the EGR control in Step S2 serves as 
control means for filter regenerating means according 
to this invention. 

[0031 ] If it is concluded in Step S3 that the active tem- 
perature of the oxidizing catalyst 43 is exceeded by the 
inlet temperature (catalyst temperature) of the catalyst 
43, the program advances to Step S5 after the passage 
of some delay time in Step S4. If it is concluded in Step 
S3 that the active temperature of the oxidizing catalyst 
43 is not exceeded by the inlet temperature of the cat- 
alyst 43, the catalyst heat-up process of Step S2 is con- 
tinued. 

[0032] In Step S5, the post- injection quantity and the 
post-injection timing are set as preparations for heating 
up the filter 44. According to this embodiment, the post- 
injection implies fuel injection in the expansion or ex- 
haust stroke of the piston 20. 

[0033] The post-injection quantity is set according to 
the map M3 of FIG. 5 based on the engine speed and 
the engine load (main injection quantity). The lower the 
engine speed and the smaller the main injection quan- 
tity, for example, the more the post-injection quantity is 
increased. Further, the post-injection timing is set ac- 
cording to the map M4 of FIG. 6 based on the engine 



speed and the engine load (main injection quantity). The 
higher the engine speed and the smaller the main injec- 
tion quantity, for example, the greater the set value of 
the lag angle to the top dead center is. 

5 [0034] Thus, in the case of this embodiment, the con- 
trol unit 16 serves also as control means for the filter 
regenerating means that controls the fuel injection con- 
trol means so as to carry out the post-injection. 
[0035] After Step S5 is executed, the compulsive re- 

10 generation is started in Step S6. In this compulsive re- 
generation, the post-injection is carried out to heat up 
the filter 44. When this post- inject! on is achieved, the 
fuel injected into the combustion chamber 21 in the ex- 
pansion or exhaust stroke of the engine reaches the ox- 

15 idizing catalyst 43. This fuel (HC) is oxidized by means 
of the catalyst 43. The filter 44 is heated up by heat re- 
lease that is attributable to the oxidation by means of 
the catalyst 43, and soot is oxidized (burned) directly by 
Q 2 on the filter 44 in a temperature range (e.g., 500°C 

20 to 550°C or more) higher than the range for continuous 
operation. The fuel (HC) that is not consumed by the 
oxidizing catalyst 43 adheres to soot on the filter 44, so 
that combustion is activated further. 
[0036] Thus, whenThe post-injection Is carried but, 

25 the component (HC) to be oxidized by the oxidizing cat- 
alyst is supplied to the catalyst. The filter 44 is heated 
up with heat of oxidation that is produced when this com- 
ponent is oxidized by means of the catalyst, and the soot 
on the filter 44 is burned and removed, whereupon the 

30 filter 44 is regenerated. 

[0037] In Step S7, the result of detection of the tem- 
perature sensor 53 is compared with a target tempera- 
ture (e.g., 550°C), the lower limit for the recombustion 
of the soot in the particulate filter 44, after the passage 

35 of a given period from the start of the compulsive regen- 
eration. The control unit 16 serves also as means for 
this comparison. Based on the deviation between the 
detection value and the target temperature, as a result 
ofthecomparison, the catalyst heat-up means (Step S2) 

40 and/or the particulate filter heat-up means (Step S5) is 
controlled. 

[0038] For example, the retard of the main injection 
or the EGR gas reflux quantity is controlled so that the 
exhaust gas temperature (detection value of the tem- 

45 perature sensor53) on the upper-stream side of the filter 
44 takes its minimum necessary value for the 0 2 com- 
bustion of soot. Alternatively, the injection quantity and 
timing for the post-injection are controlled. 
[0039] Thus, the exhaust gas temperature on the up- 

50 per-stream side of the filter 44 is adjusted to the mini- 
mum necessary value for the 0 2 combustion, so that the 
durability and reliability of the filter 44 are improved. 
[0040] In regenerating the filter 44, according to the 
exhaust emission control device of the present embod- 

55 iment, moreover, the oxidizing catalyst 43 can be heated 
up to be activated by delaying the injection timing for the 
main injection or increasing the EGR gas reflux quantity 
when the temperature of the catalyst 43 is lower than a 
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given temperature, e.g., in a low- load state. Thereafter, 
the filter 44 is effectively heated up as the component 
(HC) to be oxidized by the oxidizing catalyst 43 is sup- 
plied to the catalyst 43. Accordingly, the soot on the filter 
44 is burned and removed, whereupon the filter 44 is 
regenerated. Thus, the filter 44 can be regenerated with- 
out lowering the fuel-efficiency. 

[0041] According to the embodiment described 
above, the post-injection is carried out after the given 
value is exceeded by the temperature of the oxidizing 
catalyst 43 in the case where the retard control and/or 
the EGR control for the main injection is performed to 
heat up the catalyst 43. Alternatively, however, the post- 
injection may be carried out in a given time after the start 
of the retard control and/or the EGR control for the main 
injection is performed to heat up the oxidizing catalyst 
43. 

[0042] The following is a description of an exhaust 
emission control device of an engine according to a sec- 
ond embodiment of the invention. 
[0043] According to this second embodiment, the 
opening of the EGR valve 23 is controlled by means of 
EGR control means (control unit 16 and actuator 25) 
with reference to FIG. 7 as the compulsive regeneration 
according to the foregoing embodiment is carried out. 
First, in Step S12, the basic opening of the EGR valve 
23 is set with reference to a basic EGR opening map 
M5 shown in FIG. 8. 

[0044] This basic opening is an EGR opening such 
that the HC delivery can be kept at a desired fixed value 
under an exhaust pressure on the upper-stream side of 
the filter 44 obtained when about 25 grams of soot is 
deposited. If the EGR valve 23 is adjusted to this basic 
opening, the quantity of HC in the exhaust gas on the 
upper-stream side of the oxidizing catalyst 43 takes a 
value such that the catalyst 43 cannot produce exces- 
sive heat. Thus, the temperature of the catalyst 43 can 
be kept at about 550° C that suits 0 2 combustion. 
[0045] The control unit 1 6 controls the actuator 25 so 
that the opening of the EGR valve 23 is adjusted to the 
basic opening- obtained from-the basic EGR opening 
map M5. The opening of the EGR valve 23 is controlled 
so that the higher the engine speed or the greater the 
injection quantity, the lower the opening is, for example. 
By this basic opening control, the quantity of THC (ther- 
mal hydrocarbon) that reaches the oxidizing catalyst 43 
during the post-injection can be kept near a desired val- 
ue. 

[0046] Thereafter, the program advances to Step 
S13, whereupon whether or not the "up-DPF exhaust 
gas temperature" is higher than "preset value 1 +50°C" 
is determined. The "up-DPF exhaust gas temperature" 
is a detected temperature of the exhaust gas on the up- 
per-stream side of the filter 44 that is detected by means 
of the temperature sensor 53. The "preset value 1 " is a 
basic target temperature (e.g., 550°C) of the exhaust 
gas on the upper-stream side of the filter 44 obtained 
when 25 grams of soot is deposited (i.e. , during the post- 



injection). 

[0047] The "preset value 1 + 50°C" used in Step S3 
(comparing means), that is, the exhaust gas tempera- 
ture that can be reached by heat-up during the post-in- 
5 jection, is previously set in the control unit 1 6 that serves 
as the target exhaust gas temperature setting means. 
Any other constant than "50°C" may be used depending 
on the type of the engine. 

[0048] If it is concluded in Step S13 that the "up-DPF 

10 exhaust gas temperature" is higher than "preset value 
1 + 50°C", the program advances to Step S14. 
[0049] In Step S 1 4, a deviation "factor A" between the 
"preset value 1" and the "up-DPF exhaust gas temper- 
ature" or the detection temperature of the temperature 

is sensor 53 is calculated. 

[0050] In Step S15, an opening correction value (-AV) 
of the EGR valve 23 is obtained according to the devi- 
ation "factor A" that is obtained in Step S14 and an EGR 
opening correction map M6 shown in FIG. 9, whereby 

20 the opening of the EGR valve 23 is corrected. The map 
M6 is used to obtain the opening correction value (-AV) 
in accordance with the deviation "factor A". The greater 
the value of the deviation "factor A", the greater the 
*" opening correction value ( : AV) of the'EGR valve 23 is. 

25 [0051] The opening of the EGR valve 23 is corrected 
with use of the basic EGR opening as a criteria accord- 
ing to the EGR opening correction value (-AV) obtained 
in this manner. If the quantity of EGR gas returned to 
the intake system 13 is reduced as a result of the EGR 

30 opening correction, the quantity of HC in the exhaust 
gas lessens, so that the quantity of HC in the exhaust 
gas supplied to the oxidizing catalyst 43 also lessens. 
Accordingly, the exhaust gas temperature on the upper- 
stream side of the particulate filter 44 lowers. 

35 [0052] After Step S15 is executed, whether or not the 
difference between the "up-DPF exhaust gas tempera- 
ture" and the "preset value 1" is not greater than a preset 
value 2 is determined in Step S1 6. Although an example 
of the preset value 2 is 50°C, it may be replaces with 

^o any other value. If it is concluded that the difference be- 
tween the "up-DPF exhaust gas- temperature"- and the 
"preset value 1 " is not greater than the preset value 2, 
the EGR opening correction is finished. If it is concluded 
in Step S1 6 that the difference between the "up-DPF ex- 

4 5 haust gas temperature" and the "preset value 1 " is great- 
er than the preset value 2 ("NO"), the EGR opening cor- 
rection of Steps S14 and S15 is continued. 
[0053] According to the exhaust emission control de- 
vice 10 of the embodiment described above, the EGR 

so valve 23 is controlled so that the quantity of HC in the 
exhaust gas is reduced even if the temperature of the 
oxidizing catalyst 43 exceeds a given value (e.g., 
550° C). The catalyst temperature may exceed the given 
value because the opening of the valve 23 becomes 
55 greater than the basic opening during the compulsive 
regeneration from any cause so that the EGR reflux 
quantity increases or because change of the back pres- 
sure causes the EGR reflux increase despite the main- 
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tenance of the basic opening level. 
[0054] Accordingly, extraordinary heat release from 
the oxidizing catalyst 43 can be restrained, so that the 
filter 44 that is heated to a high temperature by the 0 2 
combustion during the post- injection can be prevented 5 
from being heated to a higher temperature. Thus, the 
filter 44 can be prevented from melting down. 
[0O55] In the case of the flowchart of FIG. 7, the open- 
ing of the EGR valve 23 that is corrected with reference 
to the map M6 is set simply in accordance with the de- 10 
viation between the "up-DPF exhaust gas temperature" 
and the "preset value 1". Preferably, however, retarda- 
tion such as annealing should be carried outforthe EGR 
opening correction so that the exhaust gas temperature 
can converge more quickly on the target value (preset 15 
value). 

[0056] It is to be understood, in carrying out the 
present invention, that the components of the invention, 
including the specific forms of the filter and the oxidizing 
catalyst, may be various changed or modified without 20 
departing from the scope or spirit of the invention. 



Claims "" ~ ~ 

25 

1. An exhaust emission control device of an engine, 
which has a particulate filter (44) located in an ex- 
haust passage of the engine and capable of captur- 
ing particulates in exhaust gas, an oxidizing catalyst 

(43) located in an exhaust passage on the upper- 30 
stream side of the particulate filter (44), and filter 
regenerating means for supplying a component to 

be oxidized by the oxidizing catalyst (43) to the cat- 
alyst (43), thereby regenerating the particulate filter 

(44) , comprising: 35 

fuel injection control means (22) for controlling 
fuel injection of the engine; and 
exhaust gas reflux quantity control means (15) 
for controlling the reflux quantity of exhaust gas 40 
returnedtoanintakesystem(13)oftheengine, - 

characterized in that 

the filter regenerating means includes cata- 
lyst temperature detecting means (53) for measur- 45 
ing or estimating the temperature of the oxidizing 
catalyst (43) and control means (16) adapted to 
control the fuel injection control means (22) and/or 
the exhaust gas reflux quantity control means (15) 
and then cause the component to be supplied to the 50 
oxidizing catalyst (43) so that the injection timing for 
main injection of the fuel injection of the engine is 
delayed and/or the exhaust gas reflux quantity is in- 
creased if the catalyst temperature measured or es- 
timated by means of the catalyst temperature de- 55 
tecting means (53) is not higher than a given tem- 
perature, as the regenerating process is executed. 



» 2. An exhaust emission control device of an engine ac- 
cording to claim 1 , characterized in that said con- 
trol means (16) sets the lag angle of the injection 
timing for the main injection and/or the increase of 
the exhaust gas reflux quantity in accordance with 
the engine speed and the engine load. 

3. An exhaust emission control device of an engine ac- 
cording to claim 1 , characterized in that said given 
temperature is adjusted to the active temperature 
of the oxidizing catalyst (43). 

An exhaust emission control device of an engine ac- 
cording to claim 1 , characterized in that said con- 
trol means (16) controls the fuel injection control 
means (22) to carry out post-injection such that a 
fuel is injected in the expansion or exhaust stroke 
of the engine in order to supply the component to 
the oxidizing catalyst (43). 

An exhaust emission control device of an engine ac- 
cording to claim 4, characterized In that said con- 
trol means (16) sets the injection quantity and/or the 
injection timing for the post-injectibh in accordance 
with the engine speed and the engine load. 

An exhaust emission control device of an engine ac- 
cording to claim 4, characterized in that said filter 
regenerating means includes exhaust gas temper- 
ature detecting means (53) for measuring or esti- 
mating the temperature of exhaust gas near the par- 
ticulate filter (44), and said control means (1 6) com- 
pares the exhaust gas temperature measured or es- 
timated by means of the exhaust gas temperature 
detecting means (53) with a preset exhaust gas 
temperature set as a temperature at which the par- 
ticulate filter (44) can be regenerated and, based on 
the result of the comparison, performs feedback 
control on the injection timing for the main injection, 
injection quantity forthe post-injection, injection tim- 
ing for the post-injection, and/or exhaust gas reflux 
quantity. 

An exhaust emission control device of an engine ac- 
cording to claim 4, characterized in that said filter 
regenerating means includes exhaust gas temper- 
ature detecting means (53) for measuring or esti- 
mating the temperature of exhaust gas near the par- 
ticulate filter (44) and target exhaust gas tempera- 
ture setting means for setting a target exhaust gas 
temperature in accordance with an exhaust gas 
temperature to which the exhaust gas can be heat- 
ed up by the post-injection, and said control means 
(1 6) compares the exhaust gas temperature meas- 
ured or estimated by means of the exhaust gas tem- 
perature detecting means (53) with the target ex- 
haust gas temperature and, based on the result of 
the comparison, corrects the controlled variable of 
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the injection timing for the main injection and/or the * 
exhaust gas reflux quantity. 

8. An exhaust emission control device of an engine ac- 
cording to claim 7, characterized in that said con- s 
trol means (16) carries out control to lessen the lag 
angle of the injection timing for the main injection 
and/or control to lessen the exhaust gas reflux 
quantity when the exhaust gas temperature meas- 
ured or estimated by means of the exhaust gas tern- w 
perature detecting means (53) is higher than the tar- 
get exhaust gas temperature. 

9. An exhaust emission control device of an engine ac- 
cording to claim 1 , characterized in that said filter '5 
regenerating means includes catch detecting 
means (51 , 52) for estimating or detecting the catch 

of the particulates captured by means of the partic- 
ulate filter (44), and said regenerating process is ex- 
ecuted when a given value is exceeded by the catch 20 
estimated or detected by means of the catch detect- 
ing means (51, 52). 



30 



35 



40 



45 



50 



55 



.1291513A2_I_> 



7 




8 



BNSDOC1D: <EP 1 291 51 3A2_I_> 



EP 1 291 513 A2 



ions / 



Settlement of compulsive 
^ regenera tion starting conditions 

,S1 

Inlet 

temperature of oxidizing^ 
.catalyst ^ active temperature 
of. catalyst? 



[YES 



.S2 



-J. ( 

Retard main injection timing and/or 1 
increase EGR reflux quantity 



(Catalyst heat-up means) 



,S3 

Inlet 

temperature of oxidizing" 
^atalyst > active temperature 
of catalyst ? 

[yes 



✓S4 



Delay time 



Set injection quantity, injection timing, 
etc. for post-injectio n 



Start compulsive regeneration 



(By DPF heat-up means) 
^S7 



Control heat-up means by difference 
between detection value of 
temperature sensor and target 
tempera ture 

I 



( End ) 



FIG. 2 



9 



EP 1 291 513 A2 



ZD <D 

Si 



FIG. 3 



Main injection timing 
(retard) map Ml 




Engine speed (rpm) 



Angle before top 
dead center 0 ) 



EGR opening map M2 

Opening to increase 

Opening V 



FIG. 4 




Engine speed (rpm) 



Post-injection quantity map M3 



O CO 

uco 
.£ E 

c5 



FIG. 5 




increase ( mm 3/stroke) 



Engine speed (rpm) 



EP 1 291 513 A2 



(3 



Start compulsive 
regeneration 



S12 



Control basic EGR for post-injection~| 

(map M1) 



✓S13 

Up-DPF ~ 
"exhaust gas temperature" 
> (preset value 1) 
+50t ? 



YES 



S14 



Up-DPF exhaust gas temperature - 
preset value 1 = factor A 



,S15 



Correct EGR opening 



,S16 

Up-DPF " 
'exhaust gas temperature" 
^preset value 1 ^ preset, 
value 2 ? 



(map M2) 



YES 



( End ) 



FIG. 7 



EP 1 291 513 A2 



Post-injection timing map M4 



O Isy 

Si 



FIG. 6 




Angle behind top 
dead center (° ) 



Engine speed (rpm) 



Basic EGR map Ml 



of 

O to 

ooo 



FIG.8 



Opening 
to lessen 




Opening V 



Engine speed (rpm) 



EGR opening correction map M2 



c 
o 

% 

•is 

O > 

o 



FIG. 9 



Opening V 



Factor A 



12 



BNSDOCID: <EP_ 



1291513A2 I > 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 





(12) 



(H) EP 1 291 513 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

21.01.2004 Bulletin 2004/04 

(43) Date of publication A2: 

12.03.2003 Bulletin 2003/11 

(21) Application number: 02019818.0 

(22) Date of filing: 05.09.2002 



(51) mtci.7: F02D 41/02, F01N 3/035, 
F01 N 3/025 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
IE IT LI LU MC NL PT SE SK TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 07.09.2001 JP 2001272260 
-07.09.2001 JP 2001272261 

(71) Applicant: Mitsubishi Jidosha Kogyo Kabushikl 
Kalsha 

Tokyo (JP) 

(72) Inventors: 

• Terada, Mikio, Mitsubishi Jidosha Kogyo K. K. 
Tokyo (JP) 



• Oohashi, Kazuya, 
Mitsubishi Jidosha Kogyo K. K. 
Tokyo (JP) 

• Taniguchi, Hiroki, 
Mitsubishi Jidosha Kogyo K. K. 
Tokyo (JP) 

• Hatano, Kiyoshi, Mitsubishi Jidosha Kogyo K. K. 
Tokyo (JP) - 

(74) Representative: Sajda, Wolf E., Dipl.-Phys. et al 
MEISSNER, BOLTE & PARTNER 
Postfach 86 06 24 
81633 Miinchen (DE) 



(54) Exhaust emission control device of engine 

(57) An exhaust emission control device comprises 
an oxidizing catalyst (43), a particulate filter (44) on 
which soot is deposited, and a temperature sensor (53) 
for detecting the temperature of exhaust gas on the up- 
per-stream side of the filter (44). An intake system (13) 
of an engine (11 ) is provided with an EGR valve (23) for 
returning the exhaust gas to the intake system (13). If 
the temperature of the oxidizing catalyst (43) is found to 



be lower than its active temperature as the particulate 
filter (44) is regenerated, the catalyst (43) is heated by 
delaying the injection timing for the main fuel injection 
of the engine (11) and increasing the EGR gas reflux 
quantity. Thus, the oxidizing catalyst (43) can be heated 
up without lowering the fuel-efficiency, and soot on the 
particulate filter can be efficiently subjected to re com- 
bustion. 




NSDOCID: <EP_ 



.1291513A3J_> 



EP1 291 513 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 02 01 9818 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



p,x 



C.tation of document with Indication, where appropriate, 
of relevant passages 



D.A 



EP 1 234 959 A (ISUZU MOTORS LTD) 
28 August 2002 (2002-08-28) 

* column 7, line 55 - column 8, line 16 * 

* figures 2,7-13 * 

* column 23, line 9 - line 33 * 

FR 2 804 170 A (PEUGEOT CITROEN 
AUTOMOBILES SA) 27 July 2001 (2001-07-27) 

* abstract * 

* page 1, line 32 - line 7 * 

* page 4, line 16 - page 5, line 6 * 

DE 199 57 715 A (TOYOTA MOTOR CO LTD) 
21 June 2GQ0 -(-2000-06-21) 

* page 1, line 21 - line 25 * 

* page 12, line 42 - line 48 * 

DE 199 26 138 A (VOLKSWAGENWERK AG) 
14 December 2000 (2000-12-14) 

* column 2, line 6 - line 15 * 

PA T tNT ABSTRACTS OF JAPAN 

vol. 1996, no. 02, 

29 February 1996 (1996-02-29) 

& JP 07 259533 A (NIPPON SOKEN INC), 

9 October 1995 (1995-10-09) 

* abstract * 

DE 199 52 830 A (AUDI NSU AUTO UNION AG) 
3 May 2001 (2001-05-03) 

* abstract * 

* column 1, line 61 - column 2, line 4 * 

* column 2, line 45 - line 51 *. 



The present search report has been drawn up for all claims 



1-5,9 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lratCI.7) 



,3,4,6, 



5,9 



1-9 



1-9 



F02D41/O2 
F01N3/035 
F01N3/025 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



F02D 

F01N 



THE HAGUE 



Dale ol completion ol tbn seaich 

27 November 2003 



Rottger, K 



c 

8 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y t particularly relevant If combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T ■ theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cied In the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



2 



BNSDOCtD: <EP 



1291513A3J_> 



EP 1 291 513 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 02 01 9818 



Th!XSS!JSl p3tent member srelatin fl to the patent documents cited in the above-mentioned Eurooean search renon 
The members are as contained in the European Patent Office EDP file on vw-menoonea turopean search report. 

The European Patent Office is in no way liable tor these particulars which are merely given tor the purpose of information. 

27-11-2003 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



EP 1234959 



28-08-2002 



JP 2002242660 A 

JP 2002250218 A 
EP 1234959 A2 

US 2002112472 Al 



PR 2804170 



DE 19957715 



27-07-2001 



FR 
EP 



2804170 Al 
1130227 Al 



21-06-2000 



JP 3454350 B2 

JP 2000161044 A 

JP L. 3454351 B2 

JP 2000179326 A 

JP 3456429 B2 

JP 2000213332 A 

DE 19957715 Al 

FR Z7B6S29 Al 



Publication 
date 



28-08-2002 
06-09-2002 
28-08-2002 
22-08-2002 



27-07-2001 
05-09-2001 



06-10- 

13- 06- 
06-10- 
27-06- 

14- 10- 
02-08- 
21-06- 
02-06- 



-2003 
2000 
2003 
2000 
2003 
2000 
2000 
2000 



DE 


19926138 


A 


14- 


-12-2000 


DE 


19926138 Al 


14-12-2000 


JP 


07259533 


A 


09- 


-10-1995 


NONE 






DE 


19952830 


A 


03- 


-05-2001 


DE 


19952830 Al 


03-05-2001 












WO 


0133051 Al 


10-05-2001 












EP 


1226341 Al 


31-07-2002 












JP 


2003514164 T 


15-04-2003 



ui For more details about this annex ; see Official Journal of the European Patent Office. No. 12/82 



1291513A3_I_> 



™'S PAGE BLANK 



(USPTO) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



WIS PAGE BLANK 



(USPTO) 



